Abstract. Previous studies found that glucocorticoids were closely associated with the oncogenesis and development of numerous types of tumors. The aim of the present study was to investigate the effect of dexamethasone on the growth and angiogenesis of Lewis lung cancer cells in mice who received palliative surgery. Lewis lung carcinoma cells were inoculated subcutaneously into the right axilla of C57BL/6 mice. When tumor diameter reached 0.5 cm, 2 weeks later, palliative surgery was performed, and the mice were randomly divided into 3 groups with 6 animals in each group (control group, cisplatin group and dexamethasone group). From the first postoperative day, all the mice were administered with saline, cisplatin or dexamethasone for 10 days, and changes in xenograft tumor volumes were monitored. Cisplatin and dexamethasone were dissolved in normal saline (0.9%). All mice were sacrificed on postoperative day 11, and the whole body and the local tumors were weighed immediately. The expression levels of hypoxia inducible factor 1α (HIF-1α), vascular endothelial growth factor (VEGF), proliferating cell nuclear antigen and the microvessel density (MVD) in the tumor mass, were measured by immunohistochemistry, western blotting and quantitative polymerase chain reaction. In the present study, tumor growth was inhibited in the cisplatin group and dexamethasone group, and the weights of tumors were significantly decreased in the cisplatin group and dexamethasone group compared with the control group (P<0.001). The expression levels of HIF-1α and VEGF and the MVD were significantly lower in the cisplatin group and dexamethasone group than in the control group (P<0.01). In conclusion, dexamethasone can inhibit the growth and angiogenesis of residual Lewis lung carcinoma subsequent to palliative surgery partially through downregulation of HIF-1α and VEGF signaling pathways.
Introduction
The level of morbidity and mortality in lung cancer is among the highest of all cancers in the world (1) . Therefore, lung cancer poses a serious threat to human health, so it is important to conduct research regarding the possible mechanisms of the development and metastasis of lung cancer in order to improve the treatment of this disease. Glucocorticoids, which are secreted by the adrenal glands, are steroid hormones that can regulate the growth, development and differentiation of the organism and stabilize the internal environment. For almost all cells glucocorticoids play a regulatory role in growth and differentiation. Dexamethasone is a synthetic glucocorticoid that is widely used clinically in order to improve the general condition of cancer patients and reduce adverse reactions to chemotherapy (2) . Previous studies have found that dexamethasone may inhibit the expression of vascular endothelial growth factor (VEGF) mRNA in induced rat glioma cells (3) and human vascular smooth muscle cells (4) in vitro. It has been suggested that dexamethasone has certain anti-angiogenic and anti-tumor effects (5, 6) . In addition, dexamethasone may also inhibit proliferation and induce differentiation in numerous tissue-derived carcinoma cells, such as gynecological and digestive system tumor cells (7) (8) (9) . However, little research has been performed on the inhibitory effect of dexamethasone on lung carcinoma cells, particularly for patients who received palliative surgery.
The aim of the present study was to investigate the inhibitory effect of dexamethasone on angiogenesis, cell proliferation and tumor growth in residual Lewis lung cancer cells in mice subsequent to palliative surgery by establishing a C57BL/6 mouse xenograft model using Lewis lung carcinoma cells. The present study aims to expand current treatments of lung cancer and provide a new basis for hormone therapy for patients, particularly those who received palliative surgery.
Materials and methods
Animal models. The use of 18 male athymic BALB/c nude mice, weighing 20±6 g each, aged between 6 and 8 weeks,
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was approved by Animal Experiment Center of Shandong University (Jinan, China). This study was performed strictly in accordance with the recommendations in the Guide for the Care and use of Laboratory Animals of the National Institutes of Health. All experimental protocols described in the present study were approved by the Committee on Animal Investigation of Shandong Medical College of Shandong University (Jinan, China).
Materials.
Lewis lung carcinoma cells were obtained from Shandong Academy of Medical Sciences (Jinan, China). Cisplatin was purchased from Qilu Pharmaceutical Co., Ltd., (Jinan, China) and was dissolved in 0.2 ml normal saline to give a 2 mg/ml stock solution at 4˚C, mice in the cisplatin treatment group were administered 2 mg/kg cisplatin. Bicinchoninic acid (BCA) protein assay kit was obtained from Pierce Biotechnology, Inc., (Rockford, IL, USA). Polyvinylidene difluoride (PVDF) membranes were from Pall Life Sciences (EMD Millipore, Billerica, MA, USA). Rabbit monoclonal anti-human hypoxia inducible factor 1α (HIF-1α) antibody (cat. no. ab51608), rabbit polyclonal anti-cluster of differentiation 31 (CD31) antibody (cat. no. ab28364), rabbit monoclonal anti-human VEGF antibody (cat. no. ab32562) and rabbit polyclonal anti-human proliferating cell nuclear antigen (PCNA) antibody (cat. no. ab29) were purchased from Abcam (Cambridge, UK).
Animal groups and processing. Lewis lung carcinoma cells (Shandong Academy of Medical Sciences) were cultivated in plastic tissue culture flasks (Corning Incorporated, Corning, NY, USA) with complete Dulbecco's modified Eagle's medium-F12 (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) containing 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and 1% penicillin-streptomycin (HyClone; GE Healthcare Life Sciences, Logan, UT, USA). The cells were then placed in a 37˚C culture incubator with a 5% CO 2 atmosphere. The cell suspension was collected, which contained logarithmic growth phase cells, and the cell density was adjusted to 1x10 7 cells/ml with phosphate-buffered saline. A 0.2 ml suspension containing 2x10 6 cells was inoculated into the right axilla of each mouse, and they were then fed under a specific pathogen-free environment.
The tumors of mice were observed as subcutaneous nodules in the right axilla, 7 days following inoculation. The rate of tumor formation in mice was 100%. When the tumor diameter reached 0.5 cm, 2 weeks later, palliative surgery was performed leaving ~1 mm 3 tumor tissue in the right axilla of the mice. The mice were then divided equally into 3 groups at random (control group; cisplatin group; and dexamethasone group). Postoperatively, all the mice were administered with different treatments for 10 consecutive days. The mice of the control group were intraperitoneally administered with saline. The cisplatin group was intraperitoneally administered with 2 mg/kg cisplatin dissolved in 0.2 ml saline on days 1, 2 and 3, and 0.2 ml saline alone was administered on the other days. The mice of the second group were intraperitoneally administered with 5 mg/kg dexamethasone (Shandong Xinhua Pharmaceutical Co., Ltd., Shandong, China) dissolved in 0.2 ml saline once each day. Each group received treatment for 10 consecutive days. During the period of treatment subsequent to palliative surgery, the mental state, eating habits, activities and defecation of the mice were observed. The subcutaneous tumor nodules of each mouse were measured on days 4, 5, 6, 7, 8, 9 and 10 post-surgery using vernier calipers (accuracy of 0.1 mm) and calculated the volume of the tumors as follows: V (mm³) = 0.52ab² (a, longest diameter of the nodule; b, shortest diameter). The average of each group was used to plot the tumor growth curve. All mice were sacrificed on day 11 postoperatively; the whole body and the local tumors were weighed immediately. The inhibitory rate of the tumor was calculated as follows: Inhibitory rate (IR) (%) = [control group average tumor weight (g) -treatment group average tumor weight (g)] / control group average tumor weight (g) x 100. The tumors were put in 4% paraformaldehyde for IHC immediately. Portions of each tumor were immediately put in liquid nitrogen and stored at -80˚C for RT-quantitative polymerase chain reaction (RT-PCR) and western blotting.
IHC. Antibodies against HIF-1α, VEGF and PCNA were used for IHC analysis of tumors, which was performed according to the manufacturer's protocol. Results may be judged according to the staining intensity of positive cells and the percentage of positive cells. Each 3-µm-thick section was observed by microscopy, with 10 random high-power field measurements taken at a x200 magnification. A reference method of scoring was used as previously described by Mamori et al (10) . The staining intensity was scored as follows: No staining, 0; slight staining, 1; moderate staining, 2; and deep staining (11) . The slice was scanned to identify the most intense vascularization areas under a microscope at a low magnification (x100). Subsequently, these areas were counted by observing the slice at a x400 magnification in 10 chosen fields of view. A single cluster of endothelial cells or a branch structure of vascular stem cells that were stained positive for CD31 were regarded as one blood vessel. The average vessel number of MVD in 10 randomly assigned fields was considered to be the number of microvessels for each case.
RNA isolation and RT-qPCR assay. RT-qPCR was utilized for HIF-1α, VEGF and PCNA expression analysis. Total RNA was isolated from tumor tissue using the RNA simple total RNA kit (Tiangen Biotech Co., Ltd., Beijing, China), according to the manufacturer's protocol. The concentration of total RNA was detected by spectrophotometry (SPECTRA MAX190; Molecular Devices, LLC, Sunnyvale, CA, USA). Complementary DNA (cDNA) was synthesized from 2 µg total RNA using the fastquant RT kit (Tiangen Biotech Co., Ltd.), according to the manufacturer's protocol. qPCR was performed in an ABI ViiA7 Dx instrument (Thermo Fisher Scientific, Ltd., Waltham, MA, USA) using the SYBR green PCR Master Mix (Tiangen Biotech Co., Ltd.) following the manufacturer's protocol. Rat β-actin gene was used as the control. Gene-specific primers were designed in GenBank (Accession number, NM_02306; National Center for Biotechnology Information, Bethesda, MD, USA) Primer sequences for HIF-1α, VEGF, PCNA and β-actin are described as follows: HIF-1α forward, 5 '-TGT GTT TGA TTT  TAC TCA TCC ATG T-3' and, reverse, 5'-CTC CGC TGT GTG  TTT AGT TCT T-3'; VEGF forward, 5'-AAA GGG AAA GGG  TCA AAA ACG AA-3' and reverse, 5'-AGG AAC ATT TAC ACG  TCT GCG G-3'; PCNA forward, 5'-ATC GTG AAT CGG GGG  ACC TTG -3' and reverse, 5'-CTT TGA GAG CCT CCA GCA CCT  TC-3'; β-actin forward, 5'-GAC CAC ACC TTC TAC AAT GAG-3'  and reverse, 5'-GCA TAC CCC TCG TAG ATG GG-3' . PCR results were quantified using the ΔCq method following the formula: Ratio = 2-ΔCq, where ΔCq = Cq target gene -Cq endogenous control gene (β-actin) (12) .
Western blotting. The expression of HIF-1α, VEGF and PCNA was determined by western blot analysis. Tumor tissue was lysed in lysis buffer (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany) and centrifuged at 12,000 x g for 30 min at 4˚C. The supernatant was collected following centrifugation. The protein concentration was determined using a BCA protein assay kit (Pierce Biotechnology, Inc.). The samples were boiled, sheared and clarified by centrifugation. Equal quantities (20 µg) of protein were loaded onto and separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to a PVDF membrane (EMD Millipore). The membranes were blocked with 5% skim milk in Tris-buffered saline and Tween-20 (TBST) buffer for 1.5 h with agitation, and the membranes were incubated with primary antibodies against HIF-1α (dilution, 1:1,000), VEGF (dilution, 1:800) and PCNA (dilution, 1:1,000) overnight at 4˚C. The membranes were subsequently rinsed 3 times with TBST and incubated with polyclonal sheep anti-rat IgG conjugated to horseradish peroxidase (dilution, 1:1,000; Sigma-Aldrich; Merck Millipore; cat. no. BA1050). The visualization of immunosignals was performed using the protein detector 5-bromo-4-chloro-3-indolyl-phosphate/nitro blue tetrazolium western blotting kit (Beyotime Institute of Biotechnology, Haimen, China) was in accordance with the manufacturer's protocol. ECL (EMD Millipore) images were captured with a FluorChem E instrument (Cell Biosciences, Inc., Santa Clara, CA, USA). The present study used ImageQuant 5.2 software (GE Healthcare, Little Chalfont, UK) to conduct the quantification of each sample. A separate membrane was prepared using the same methods, and was probed with mouse polyclonal anti-human GAPDH (dilution, 1:1,000; cat. no. ab8245; Abcam) antibodies.
Statistical analysis. The data was analyzed using the SPSS 13.0 statistical software (SPSS, Inc., Chicago, IL, USA). Values are expressed as the mean ± standard error of the mean. Significance was tested by one-way analysis of variance with Dunnett's test. P<0.05 was considered to indicate a statistically significant difference. The association between HIF-1α and VEGF expression and MVD was analyzed using Spearman's rank correlation coefficient. P<0.05 was considered to indicate a statistically significant difference.
Results

Effects of dexamethasone on residual Lewis lung cancer cells growth subsequent to palliative resection surgery.
Tumors in the normal saline group grew significantly faster than those in the other groups. The growth curve (Fig. 1) showed tumor growth in the treated groups gradually slowed down. Compared to controls, treatments with 2 mg/kg cisplatin, and 5 mg/kg dexamethasone were found to apparently inhibit the tumor growth, and the inhibitory rate was 39.4 and 72.24%, respectively (Table I ). The inhibitory effect was evident in the dexamethasone groups and the cisplatin groups (P<0.001) compared with the control group. The mice in dexamethasone groups and the cisplatin groups were in good condition and increased in body weight following the experiment (Table I ). This suggests that dexamethasone not only inhibited the growth of residual Lewis lung cancer cells subsequent to palliative surgery, but also reduced the tumor's consumption of resources.
HIF-1α , VEGF, PCNA expression and MVD in tumors.
VEGF was expressed in the cytoplasm or membrane of tumor cells based on IHC staining of tumors. HIF-1α and PCNA protein showed mainly positive staining in the nucleus of tumor cells. VEGF protein showed positive staining mainly in the cytoplasm of the tumor cells. Positive staining of HIF-1α, VEGF and PCNA was characterized by brown and finely granular staining at the original x400 magnification in tumors ( Fig. 2A-I ). Cells positive for CD31 were stained brown in the cytoplasm. Microvessel distribution is shown at the original x400 magnification (Fig. 2J-L) . In the present results, the expression of HIF-1α, VEGF and PCNA in the normal saline group was higher than that in the other treatment groups. Grayscale intensity variants of HIF-1α, VEGF immunoreactivity were assessed by Image-Pro Plus software (Media Cybernetics, Inc., Rockville, MD, USA). Compared with the control groups, HIF-1α (P=0.0013), VEGF (P=0.0025) and PCNA (P=0.0038) expression scores, and MVD counts (P=0.0018), decreased significantly in the cisplatin and dexamethasone groups. In each comparison, there was a significant difference (Table II) .
Expression levels of HIF-1α, VEGF and PCNA mRNA in the control, cisplatin and dexamethasone groups were quantified by qPCR. HIF-1α, VEGF and PCNA mRNA were quantified in the control, cisplatin and dexamethasone groups by qPCR. As shown in Fig. 3 , the expression levels of HIF-1α (P=0.018), VEGF (P=0.012) and PCNA (P=0.0018) mRNA in the dexamethasone group were significantly reduced compared with the control group, which suggests that dexamethasone can inhibit the expression levels of HIF-1α, VEGF and PCNA mRNA. The results indirectly suggest that dexamethasone may inhibit angiogenesis.
Effect of dexamethasone treatment on HIF-1α, VEGF and PCNA protein expression as assessed by western blot analysis.
HIF-1α, VEGF and PCNA expression was normalized to glyceraldehyde 3-phosphate dehydrogenase expression by band intensity (Fig. 4) . Band intensities were analyzed by ImageJ software (National Institutes of Health, Bethesda, MD, USA). As shown in Fig. 5 , HIF-1α (P=0.007), VEGF (P=0.019) and PCNA (P= 0.0094) expression decreased significantly in the tissue treated with dexamethasone.
Discussion
Tumors cannot grow beyond 0.2 mm from vessels, suggesting that angiogenesis is necessary for the progression and metastasis of tumors (13) . Numerous malignant tumors, including lung cancers, overexpress angiogenic factors (14) . HIF-1α is one major regulator of the neovascularization process. HIF-1α was first identified by Wang and Semenza in 1992 (15) when they studied hypoxia-inducible gene expression. HIF-1α is the most important factor associated with cell responses under hypoxic conditions for cell survival and angiogenesis (16) . HIF-1α activates the transcription of numerous genes by binding to the hypoxia response element (HRE) in the promoter, such as VEGF, and it plays an important role in the angiogenesis, survival, invasion and metastasis of tumors. In the process of tumor formation and development, VEGF, which has a variety of functions, is the major factor for inducing angiogenesis. VEGF plays an important role in mitogenic and chemotactic properties of vascular endothelial cells, and stimulates the endothelial cell proliferation for increasing vascular permeability and promoting angiogenesis by integrating with insulin-specific receptors (17) . Excessive expression of the VEGF gene promotes angiogenesis and tumor growth, and leads to unlimited amplification of the tumor vasculature. In addition, VEGF accelerates the invasion and transfer of tumors through autocrine invasion. The process of angiogenesis is tightly regulated by a series of protein and anti-angiogenic molecules in normal physiology (18, 19) . In addition, HIF-1α and VEGF are the most important factors of angiogenesis. They facilitate the development of malignant cells by increasing vascular permeability (20) (21) (22) (23) . The excessive expression of HIF-1α and VEGF is closely associated with the progression and angiogenesis of the tumor. Previous studies demonstrated that hypoxia leads to overexpression of VEGF, which promotes angiogenesis through HIF-1α in the development of the tumor in vivo (24, 25) . The unlimited proliferation of mesenchymal cells is regulated by tumor cells through an intercellular signaling system, leading to the tumor microenvironment that promotes the proliferation and development of tumor cells. In general, the microenvironment of the tumor appears to be associated with extremely vigorous tumor angiogenesis (26) . Malignant tumor growth and metastasis depends on angiogenesis, the extent of which determines the tumor microenvironment and thus the degree of tumor metastasis.
At present, accumulating evidence has already demonstrated that HIF-1α and VEGF play an important role in promoting angiogenesis, which is well recognized as a pivotal step for cancer growth, invasion and metastasis in solid tumors (27) . Proliferation signals from outside of the cell are involved in PCNA in order to promote DNA synthesis (28) , so that PCNA can mediate cell survival and proliferation. Studies have confirmed that PCNA protein synthesis may indirectly reflect the rate of DNA synthesis and cell proliferation during the cell cycle. As a result, during the development of tumors, PCNA is a reliable factor of the proliferative phase, providing a marker for the proliferation of tumor cells (29) . Lung cancer is rich in blood vessels, and previous research (30) has identified excessive expression of HIF-1α and VEGF in patients. Therefore, a method of therapy that inhibits angiogenesis may be identified as one of the most promising and hopeful strategies to restrain the development of lung cancer and prolong the lives of patients who receive palliative surgery. Therefore, theoretically, tumor treatments may consist of not only cytotoxic agents against tumor cells, but also agents targeted to inhibit the proliferation of or kill interstitial cells, such as vascular endothelial cells, which play a critical role in tumor growth.
The study by Folkman (31) demonstrated that the inhibition of tumor angiogenesis is able to slow down the development of tumors or reduce tumor size and burden. The importance of angiogenesis to tumor formation and development is gradually being recognized (32) .
In order to demonstrate how dexamethasone inhibited the overexpression of VEGF in remaining tumor cells subsequent to palliative surgery, the present study divided subjects into 3 groups (cisplatin, dexamethasone and normal saline groups) to Table I . Body weight, tumor size and tumor IR of the residual Lewis lung cancer cells in the 3 groups. analyze the expression of associated proteins, such as HIF-1α, VEGF and PCNA by IHC, western blotting and RT-qPCR. The present study showed that the protein expression of HIF-1α, VEGF and PCNA in tumor tissues of the dexamethasone group, was significantly lower than those in the control group. However, MVD is also an important factor of angiogenesis. Tumor angiogenesis was evaluated by microvessel density (MVD). Tumor immunostaining for CD31 in endothelial cells was performed to detect MVD. It was found that MVD in the tumor tissues of the dexamethasone group was also significantly lower than those in the control tumor tissues. The decreased expression of HIF-1α, VEGF and PCNA in the present study suggested that dexamethasone had an inhibitory effect on angiogenesis, which was in accordance with previous experimental results that tumor progression and metastasis can be inhibited by various antiangiogenic therapies (33, 34) . The present results show that tumor growth was significantly inhibited in mice receiving dexamethasone. Not only was (L) MVD staining in the normal saline group. The representative images were captured at a magnification of x400. HIF-1α, hypoxia inducible factor 1α; VEGF, vascular endothelial growth factor; PCNA, proliferating cell nuclear antigen; MVD, microvessel density.
tumor growth significantly inhibited in the dexamethasone group, the MVD of tumor tissue in this group was also significantly lower than that in the control group. Expression levels of HIF-1α and VEGF were lower than those in the control group, and the expression of the two markers showed a significant positive correlation (35) (36) (37) . Therefore, dexamethasone indirectly inhibits the generation of angiogenic factors, such as VEGF, by decreasing the expression of HIF-1α, thereby inhibiting tumor angiogenesis. This is an important role of dexamethasone in anti-angiogenic effects and suppression of tumor growth. PCNA, a cofactor for the DNA polymerase δ, is a type of nucleoprotein that is necessary for DNA synthesis within the nucleus. The present results suggested that dexamethasone significantly reduced PCNA expression.
In summary, dexamethasone can effectively inhibit the growth and angiogenic properties of residual Lewis lung carcinoma subsequent to palliative surgery in mice and also can reduce the adverse reaction to chemotherapy. Dexamethasone can serve as the basis for tumor hormone therapy, which provides a new method of postoperative adjuvant therapy for patients, particularly those who received palliative surgery.
